Remarks 



This Preliminary Amendment cancels without prejudice original claims 1 to 11 in the 
underlying PCX Application No. PCT/DE03/01673. This Preliminary Amendment adds new 
claims 12-24. The new claims, inter alia, conform the claims to United States Patent and 
Trademark Office rules and do not add new matter to the application 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including the 
Abstract, but without the claims) contains no new matter. The amendments reflected in the 
Substitute Specification (including Abstract) are to conform the Specification and Abstract to 
U.S. Patent and Trademark Office rules or to correct informalities. As required by 37 C.F.R. 
§ 1.121(b)(3)(ii) and § 1.125(c), a Marked Up Version Of The Substitute Specification 
comparing the Specification of record and the Substitute Specification also accompanies this 
Preliminary Amendment. Approval and entry of the Substitute Specification (including 
Abstract) are respectfully requested. 

The underlying PCT Application No. PCT/DE03/01673 includes an International 
Search Report, dated October 16, 2003, a copy of which is included. The Search Report 
includes a list of documents that were considered by the Examiner in the underlying PCT 
application. 

Applicants assert that the subject matter of the present application is new, 
non-obvious, and usefiil. Prompt consideration and allowance of the application are 
respectfully requested. 



Respectfially Submitted, 
KENYON & KENYON 
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DEVICE FOR DETERMINING AT LEAST ONE PARAMETER 
OF A MEDIUM FLOWING IN A LINE 



Background' Information F ield of the Invention 



The present invention relates to a device for determining at least one parameter of a medium 
flowing in a line , having th e featur e s of th e pr e ambl e of independ e nt Claim L . 

5 

Background Information 



Published German patent document D E 196 23 334 Al describes a device for determining 
the mass of a mediiun flowing in a line, having a part which is inserted into the line and in 

10 which a measuring channel having a measuring element is situated. Devices of this kind are 
used, for example, as air-mass meters in the air-intake tract of an intemal combustion engine. 
Spray water and dust, which are transported by the medium, are able to enter the air-intake 
tract. Moreover, when shutting down the intemal combustion engine, oil vapor may enter the 
air-intake tract through the crankshaft ventilation inlet. In the known device, the fluid or 

15 solid particles transported with the medium can penetrate into the measuring channel and soil 
the measuring element. The resulting change of the sensor characteristic leads to 
disadvantageous deviations of the measuring results from the actually obtaining values. 



Slunmary of th e Inv e ntion Summary 

20 

By contrast, th e The device according to the present invention for determining at least one 
parameter of a medium flowing in a line , having the charactoristic features of Claim 1, has 
the advantage that the danger of a contamination of the measuring element by liquid droplets 
or solid particles is markedly reduced and a characteristic drift is reliably avoided. Means 

25 provided in a channel segment of the measuring channel cause flow vortices in this channel 
segment. In the flow vortices, the liquid droplets and solid particles do not move with the 
same alignment in the longitudinal direction of the channel, but rather approximately in a 
screw- or spiral-like manner. Before they can reach the measuring element, the liquid and 
solid particles, having entered the measuring channel, are advantageously deposited in the 

30 measuring channel as a consequence of the different densities of liquid and solid particles on 
the one hand and of the medium on the other hand and the resulting different centrifugal 
forces. 



NYOl 973166 vl 1 MARKED-UP VERSION OF 

SUBSTITUTE SPECIFICATION 



[10191/36971 

L. 

Advantagoous e xemplary embodiments and furth e r d e velopm e nts of the present inv e ntion aro 
mad e possible by tti e features indicated in th e depend e nt claims. 

5 It is known that, in the operation of the intemal combustion engine, air flows in a main flow 
direction in the line of the air-intake tract, a partial flow of this air reaching the measuring 
channel of the device and streaming through this measuring channel in a predetermined first 
direction from the intake to the outlet. If there is now a brief return flow of the medium in 
the line counter to the proper main flow direction, when the intemal combustion engine is 

10 switched off for example, oil droplets and similar contaminants, which enter the line of the 

intake tract through the crankcase ventilation inlet of the vehicle and which are transported by 
the return flow coimter to the main flow direction, can enter the measuring channel through 
the outlet of the measuring channel. Especially advantageous therefore is an exemplary 
embodiment of the device according to the present invention in which the channel segment, 

1 5 fitted with the means that cause the vortices, is situated, when viewed in the first direction, 
between the measuring element and the outlet of the measuring channel, as a result of which 
flow vortices are created in the return flow in this channel segment causing the oil droplets to 
be deposited before they can reach the measuring element. 

20 The means can be formed in a simple manner by structuring the inner wall of the channel 
segment, which may feature steps, edges, projections or similar geometries, at which flow 
vortices form in the medium flowing into the measuring channel. It is especially 
advantageous, if the inner wall of the channel segment has at least one step and preferably 
several steps arranged in series. The flow vortices can be additionally amplified, if at least 

25 one step is formed on opposite inner walls of the channel segment. 

In a pr e ferr e d an exemplary embodiment, the measuring channel has a first segment having an 
interior cross-section continuously tapering in the first direction. The first segment is 
mediately or immediately followed by a further segment having an interior cross-section 
30 increasing by steps in the first direction. The segment continuously tapering in its interior 

cross-section in the first direction preferably acts in the first direction as an acceleration slope 
for the partial flow of the medium flowing through the measuring channel in the forward 
direction from the intake to the outlet. The second segment preferably acts in the case of a 
retum flow of the medium in the measuring channel, flow vortices advantageously forming in 
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series at several steps and liquid droplets and solid particles depositing on the inner wall of 
this segment of the measuring channel. 

The steps in this channel segment advantageously have an edge running at least partly at an 
5 angle and/or at least partly transversely to the direction of flow of the mediimi in the 

measuring channel. It can thereby be achieved that the flow of the medium flowing across 
the edge forms screw-like or spiral-like flow vortices which rotate about imaginary axes 
running at an angle and/or transversally to the direction of flow. 

10 Due to the fact that the at least one step has an edge running essentially transversally to the 
direction of flow of the medium in the measiuing channel and that the step has a recess 
opening towards the edge of the step, the edges of the recess running at least partly at an 
angle or parallel to the direction of flow of the medium in the measuring channel, the 
formation of screw-like or spiral-like flow vortices can be achieved, which rotate about 

15 imaginary axes running approximately along the direction of flow. The latter are especially 
advantageous for the deposition of oil droplets and contaminants on the inner walls of the 
channel segment of the measuring channel. 

To generate flow vortices that run approximately along the direction of flow, it is also 
20 possible to fit the inner wall of the channel segment with structures, the edges of which run 
approximately along the direction of flow in the measuring channel. Prcforably, thes e These 
structures can be formed by longitudinal ribs running along the direction of flow in the 
measuring channel and projecting into the interior, which are preferably distributed in this 
channel segment over the entire inner circumference of the inner wall. 

25 

Bri e f Description of the Drawin g Brief Description of the Drawings 

Ex e mplary e mbodim e nts of th e pr e s e nt invention are depicted in the drawing and will bo 
explained in th e following d e scription. Th e figur e s show: 



30 



Fig. 1 shows a cross-section of a first exemplary embodiment of th e part of the device 
according to the present invention that is fitted with the measuring channel in a positio 
bem g, which device is inserted in the intake line?. 
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Ft gFigs . 2 through 4 variou s show three different exemplary embodiments for the structuring 
of the inner wall of the channel segment generating the flow vortices^. 

Fig. 5 shows a cross-section of a further exemplary embodiment of th e part of the device 
5 according to the present invention that is fitted with the measuring channel in a position of 
bern g. which device is inserted in the intake line. 

D e Gcription of the Exemplary Embodimonts Detailed Description 

10 Fig. 1 shows a section of a line 3 in which a medium flows in a main flow direction 18. The 
line may be, for example, an intake manifold of an internal combustion engine. The medium, 
for example, is the air flowing in the intake manifold which is fed to the internal combustion 
engine in the main flow direction 18. A device 1 according to the present invention is 
situated at line 3 in such a way that a part 6 of the device protrudes into line 3 and is exposed 

15 to the medium flowing there at a predetermined alignment. In addition to part 6 inserted into 
the line, device 1 for determining at least one parameter of the medium also includes a carrier 
part, not shown in detail, having an electrical connection, an evaluation electronics being 
acconiinodatcd, for example, in the cairier part. Together with part 6, device 1 may be 
inserted, for example, through an insertion opening 16 of a wall 15 of line 3, wall 15 

20 delimiting a flow cross-section of line 3. The evaluation electronics may be positioned inside 
and/or outside of the flow cross-section of line 3. 

For example, in device 1, a measuring element 9 is used on a measuring element carrier 10 
that is electrically connected to the evaluation electronics. With the aid of measuring element 
25 9, for example, the volumetric flow or the mass flow of the flowing mediimi is determined as 
a parameter. Additional parameters which may be measured are, for instance, pressure, 
temperature, concentration of a mediimi component or flow velocity, which are ascertainable 
using suitable sensor elements. 

30 Device 1 has, for instance, a longitudinal axis 12 in the axial direction, which, for example, 
proceeds into line 3 in the insertion direction of device 1, and which may also be, for 
example, the center axis. The direction of the flowing medium, referred to in the following 
IcnoA^Ti discussion as the main flow direction 18, is indicated by corresponding arrows 18 in 
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Fig. 1 , and runs there from right to left. When mstalling part 6 into line 3, it is ensured that 
part 6 has a predetermined orientation with respect to main flow direction 1 8 of the medium. 



Part 6 has a housing having, for example, a rectangular-shaped structure, including a front 
5 wall 13 facing towards, and a back wall 14 facing away from, main flow direction 18 of the 
medium in the installation position, a first side wall and a second side wall and a third wall 19 
running, for example, parallel to the main flow direction. In addition, part 6 has a channel 
structure located therein, having an input region 27 and a measuring channel 40 branching off 
from input region 27. The positioning of device 1 relative to line 3 ensures that the medium 

10 flowing in main flow direction 18 impinges upon part 6 in a predetermined direction and that 
a partial flow of the medium in this direction reaches input region 27 through an opening 21 
at front side 13. Opening 21 may be aligned perpendicular to main flow direction 18, for 
example, but another orientation of opening 21 to main flow direction 18 is conceivable as 
well. Starting from input region 27 and proceeding through an intake 41, the mediiun 

15 partially reaches measuring channel 40 branching off from the intake area and fitted with 
measuring element 9. It partially continues to flow into a separation zone 28, located 
downstream of the intake of the measuring channel, which is connected to line 3 through at 
least one separation opening 33 situated in the first side wall and/or in the second side wall 
and/or in wall 19. In the flowing medium, for example, liquid and/or solid particles such as 

20 oil or water particles are present, which could soil or damage measuring element 9. Through 
separation opening 33, the liquid and solid particles are able to flow back into line 3. In the 
exemplary embodiment shown in Fig. 1 , main flow direction 1 8 runs in a plane in which 
separation opening 33 is situated as well. However, the plane in which separation opening 33 
is located may also be situated at an angle differing from zero degrees with respect to main 

25 flow direction 18. 

In axial direction 12, opening 21 at front side 13 of part 6 has an upper edge 36, which is 
closest to measuring element 9 in axial direction 12. An imaginary upper plane 39 runs 
through upper edge 36 as well as perpendicular to the plane of the drawing in Fig. 1 and 
30 parallel to the main flow direction 18. Separation opening 33 is situated in axial direction 12 
below this upper plane 39. In the area of opening 21, input region 27 is provided with slanted 
or curved surfaces 22 and with a separating wall 51, which is constmcted in such a way that 
the mediiun flowing into the input region is steered away from the upper plane 39. 
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Since the liquid and/or solid particles are larger and have a greater density than the gaseous 
flowing medium, they move in axial direction 12 away from upper plane 39. Since 
separation opening*33 is situated below upper plane 39, the Uquid and solid particles collect 
in separation zone 28 and are sucked out into line 3 by the air flowing past separation 
5 opening 33. 

Starting from input region 27, a first segment of measuring channel 40 extends from intake 
41 at first approximately to insertion opening 16. Having entered measuring channel 40 
through intake 41 in a first direction a, the partial flow flows to measuring element 9. This 

10 first segment is followed by a fiirther segment 44, in which the partial flow is deflected and 
flows past measuring element 9. When viewed in direction a of the flow, the cross-section of 
fiirther segment 44 tapers approximately from line 42 shown in Fig. 1 upstream of the 
measuring element to line 43 downstream of measuring element 9. This is achieved by two 
mutually facing acceleration slopes, the viewer in the representation of Fig. 1 looking 

15 perpendicularly onto the first slope. Due to the tapering of the cross-section or due to the 
acceleration slopes in the form of an all-round or partial narrowing of the side surfaces of 
measuring channel 40, the medium is transported rapidly in the first direction a through the 
measuring chaiiiiel and following air is thereby siphoned off from the input region 27. From 
segment 44, the medium continues to flow and is deflected into a channel segment 45 of the 

20 measuring channel, extending away from insertion opening 16 approximately in axial 

direction 12. From this segment, it is deflected into an additional segment 48, which runs, for 
example, counter to main flow direction 18, and reaches line 3 via an outlet 49 of measuring 
channel 40, which is situated, for example, perpendicularly to main flow direction 18 or at an 
angle differing from zero degrees with respect to main flow direction 18. Here, measuring 

25 channel 40 is thus designed approximately in a C shape, for example. 

If the medium in line 3 Fuesflows coimter to the proper main flow direction 1 8, when the 
intemal combustion engine is switched off for example, oil droplets and similar 
contaminants, which enter the line of the intake tract through the crankcase ventilation inlet 
30 of the vehicle and which are transported counter to main flow direction 1 8, can enter 

measuring channel 40 through outlet 49 of measuring channel 40. This medium flow flows 
in a second direction b (return flow) counter to the first direction a into the measuring channel 
as shown in Fig. 1 . As can also be seen in Fig. 1 , means 46 are situated in channel segment 
45 in direction b of the return flow behind outlet 49 and in front of measuring element 9, 
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which, in the case of a return flow, cause flow vortices in this channel segment and which 
lead to the deposition of the oil droplets before they can reach the measuring element. These 
means can in principle be formed in various ways. It is conceivable, for example, to install 
separating walls, crosspieces or similar means that cause the formation of vortices. In the 
5 pr e f e rr e d exemplary embodiment shown here, the means are formed by structuring the inner 
wall of the channel segment. The interior cross-section of channel segment 45 increases by 
steps in the first direction a, at least one step being provided and the steps 46 having an edge 
57 mnning at least partly at an angle and/or at least partly transversely to the direction of flow 
b of the medium in the measuring channel 40. In Fig. 1, the steps are formed at the inner wall 
10 of channel segment 45 visible in Fig. 1 and on another inner wall of channel segment 45 
which lies across from this inner wall and which is not visible in the cross-sectional view. 

Fig. 2 shows an enlarged detailed vie w of the channel segment 45. The at least one step 46 
has an edge 57 running essentially transversally to the direction of flow of the medium in 

1 5 measuring channel 40 in direction x. As can also be seen, step 46 additionally has a recess 47 
opening towards edge 57, the edges 47a of recess 47 running at least partly at an angle or 
parallel to the direction of flow of the medium (direction b) in measuring channel 40. In the 
case of a return flow in direction b, the medium flow flows towards step 46. Screw-like or 
spiral-like flow vortices, their axes nmnin g extending in the X direction, are thereby created at 

20 edge 57 running transversely to direction b. Additionally, screw-like or spiral-like flow 

vortices with axes mnning in direction b are created at edges 47a. The flow vortices forming 
at the steps are macro-vortices having an axial and radial extension in the millimeter range. 
Due to the flow vortices, fluid droplets and dirt particles are deposited on the inner wall of 
channel segment 45 before they can reach measuring element 9. For clarification, it should 

25 be mentioned that in the context of the patent application p resent disclosure, "flow direction 
a" or "flow direction b" mean the direction of the flow from the intake to the outlet of the 
measuring channel, or, in the opposite direction, from the outlet to the intake, and not the 
direction of the circulating flow in the generated vortices. 

30 A modifie d second exemplary embodiment is r e pres e ntod shown in Fig. 3. Here, edges 47a of 
recess 47 run at an angle with respect to flow direction b of the return flow, so that flow 
vortices having axes that run at an angle with respect to flow direction b are also formed at 
recess 47. 
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An additional exemplary embodiment is repreG e nt e d shown in Fig. 4. Here, step 46 is fomied 
having an edge 57 running at an angle with respect to flow direction b of the return flow, 
resulting in the formation of flow vortices having an axis running at an angle a with respect to 
flow direction b. 

5 

In the exemplary embodiments of Fig. 1 through Fig. 4, steps 46 are situated, when viewed in 
the flow direction of flow "a", b e hind downstream of the measuring element so as to generate 
flow vortices in case of a return flow of the medium i n flow direction b. It is also possible, 
however, to provide steps or other structures between intake 41 and the measuring element so 
10 as to generate flow vortices in a medium flow in the flow direction a leading from the intake 
to the outlet of the measuring channel as well, so that humidity and solid particles that have 
entered the measuring channel through the intake are deposited on the inner wall on the 
upstream side of the measuring element. 

15 An additional exemplary embodiment is repres e nt e d shown in Fig. 5. In this exemplary 

embodiment, channel segment 45 fitted with the stmctures is situated more closely to outlet 
49. The inner wall 45a of channel segment 45 is provided with structures having edges that 
run approximately along flow direction b in measuring channel 40. In a pai ticulaily 
advantageous manner, the structures may be formed by longitudinal ribs 55 running along the 

20 direction of flow in the measuring channel and projecting into the interior, which are 

preferably distributed in this channel segment over the entire inner circumference of the inner 
wall. In case of a retum flow, flow vortices are formed along flow direction b in channel 
segment 45 due to ribs 55. As a result of the different densities of oil droplets and air and of 
the resulting different magnitudes of the centrifugal forces, the oil present in the air is 

25 deposited on the surface of the inner wall of the measuring channel. 
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Abstract ABSTRACT 

A device is provided for determining at least one parameter of a medium flowing in a line ^ 
in a mam flow direction-4S, particularl y e.g., a parameter of the intake air mass of an internal 
combustion engine. The device includes a part-65 which can b eis inserted into the line 3-at a 
5 predetermined alignment with respect to the main flow direction 4*-in such a way that a 

partial flow of the medium flowing in the line in the main flow direction ^flows through at 
least one measuring channel 40-provided in the part-€ in a first direction a-from an intake 44- 
of the measuring channel to an outlet 49-of the measuring channelr-aad . The device further 
includes a measuring element^ situated in the measuring channel 40-for determining the at 
10 least one parameter. Between its intake 44-and its outlet^, the measuring channel-40 

features at least one channel segment 4§-in which moans 46,55 ar e a mechanism is located 
that eausecauses flow vortices in this channel segment^ whereby liquid droplets and solid 
particles are advantageously deposited on the inner wall of the channel before they can reach 
the measuring element. 

15 
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